Reply  by Rapaport, Elliot
1026 LEITERS TO THE EDITOR JACC Vol 2, No 5
November 1983.1025-9
than fortuitous in a 35 year old man with no other explanation for
paroxysmal AV block.
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High Risk Patient After Recovery From
Myocardial Infarction
Rapaport and Remedios (1) reported the analysis of survival
of a series of 139 consecutive patients with acute myocardial in-
farction who were followed up for 2 weeks to 36 months. Their
statistical analysis deserves further consideration. First, univariate
analyses were performed with BMDPIL (2); the Mantel statistic
was used to test the significance. This procedure and this test (3)
are not designed to deal with continuous variables such as age or
peak creatine kinase. We should suppose either that groups of
patients were constituted using discrete cut-points, or that the uni-
variate test used for these variables was a Cox regression analysis
with one variable (4); such analysis may be performed with BMDP2L
(5).
Second, the authors stated, they "carried out multivariate anal-
ysis with the same variables using stepwise discriminant logistic
and multiple linear regression analysis (P IRand P2R)." Discrim-
inant analysis and logistic regression are distinctive procedures (6);
furthermore, logistic regression is a nonlinear regression; thus,
there is a profusion of at least three multivariate techniques. Un-
fortunately, no one is appropriate. As stated by Hammermeister
et al. (7), "discriminant analysis requires all patients to be followed
for a minimum fixed period of time." This is also true for logistic
regression. An appropriate regression to deal with unequal (2 weeks
to 36 months) observation times is Cox regression (4-8).
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ALAIN MOISE, MD
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Reply
Theroux and Moise are correct in stating that BMDPIL is not
designed to deal with continuous variables. This program was used
for the data shown in Table I where cut-points were used for the
continuous variables. In addition, this BMDP program was used
to describe the difference in the survival curves for two groups of
patients; that is, BMDPIL was used for the data shown in Figures
I and 2.
The initial multivariate analysis of these data was with BMDP2R.
This program, although related to discriminant analysis, is cer-
tainly not the ideal analysis and no results from this analysis were
presented in the paper. Both discriminant analysis (BMDP7M) and
logistic regression (BMDPLR not BMDPIR) were used. Initially,
BMDP7M was used because BMDPLR was not available. Both
programs yielded the same variables as risk factors and the data
presented in Tables 2 and 3 were from the logistic regression
analysis.
The serious criticism of this letter is that a Cox regression
would have been the more appropriate analysis. At the time of
the analysis, 70% of the patients had been followed up 6 months
or more. This number included the deaths of which 50% (12 of
24 patients) had occurred by this time; 75% of the deaths had
occurred by 8 months. Although the patients had not been followed
up for a "minimum fixed period of time" it was believed that a
sufficient number of patients had been followed up long enough
for the logistic regression to be valid.
We have reanalyzed the data for all deaths using a Cox analysis;
complex ventricular ectopic rhythm and age were entered as pre-
dictor variables. Both of these variables were predictors in the
logistic regression. The third predictor variable in the logistic
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regression, failure to give nitrates, had a 13% probability to enter
when the Cox analysis terminated,
Three variables were entered as predictor variables in a Cox
analysis for sudden death: complex ventricular ectopic rhythm,
anterior infarction and age, All three of these variables were in
the original logistic regression, The only variable that entered the
logistic regression, but not the Cox analysis, was ejection fraction
less than 50%, This variable had a 30% probability to enter when
the Cox analysis terminated,
The Cox analysis, which does take time into account, yields
essentially the same result as the logistic regression, This similarity
of results should indicate that the assumption that a sufficient
number of patients had been followed up for a sufficient amount
of time was valid,
ELLIOT RAPAPORT, MD, FACC
University of California Service
San Francisco General Hospital
San Francisco, California 94110
Fifty Percent Stenosis and Myocardial
Flow Reserve
In their report, Gewirtz et al. (1) proposed to determine the
effects of a 50% diameter coronary artery stenosis on myocardial
flow reserve and transmural distribution of blood flow during coro-
nary vasodilation, They concluded that 50% stenoses do not limit
coronary flow reserve and do not alter the normal transmural dis-
tribution of myocardial blood flow, and thereby Imply that the
current extensive literature on diagnosis of myocardial stenoses by
perfusion imaging during maximal coronary vasodilation is incorrect
The experimental design utilized in this study is not appropnate
for answering these questions for the following reasons:
I) The authors demonstrate a fundamental misconception re-
garding perfusion measurements during maximal coronary vaso-
dilation for the purpose of identifying early coronary stenoses, As
documented in an extensive literature, some of which these authors
quote, the basic idea is that at maximal coronary vasodilation there
is a relative maldistribution of perfusion between myocardium
supplied by a stenotic coronary artery as compared Withother parts
of that same heart supplied by normal arteries, Thus, a number
of authors have demonstrated that In the presence of a 50% ste-
nOSIS, flow increases somewhat less than in the myocardium sup-
plied by a normal artery In the same heart subjected to systemic
administration of a coronary vasodilator affecting the distal vas-
cular bed of the entire heart equally. The relative perfusion defect,
therefore, develops as a consequence of a relatively smaller in-
crease in perfusion due to the stenosis rather than as a consequence
of different degrees of vasodilation caused by selective injection
of the coronary vasodilator in one coronary artery but not in an-
other, as in the study of Gewirtz et al.
In their current study, Gewirtz et al. inserted a fixed stenosis
and catheter system into the left anterior descending corollary artery
of one group of dogs and a catheter without a stenosis into the left
anterior descending artery of another group of dogs, They then
compared the flow response after selective left antenor descending
artery injection of a coronary vasodilator in the group with a
stenosis to the flow response of a vasodilator in the left anterior
descending artery of the other group without a stenosis, Thus, the
authors compared the mean flow response in one group of animals
with the mean flow response in the other group, The fundamental
error in the experiment is, therefore, that the authors did not produce
coronary vasodilation throughout the entire myocardium, so that
the flow response in the area distal to the stenosis could be com-
pared with the flow response in the normal artery in the same dog.
Because of the enormous variability in response of different ani-
mals to a given dose of coronary vasodilator, it is not possible to
use a different group of animals as the control group with which
the group with the stenosis can be compared.
2) The data reported in this study document the above points
in every detail. For example, in their Figure 2, the extent of relative
flow increase in both groups of animals is highly variable; in five
animals coronary blood flow increased only three times or less
over baseline control levels at rest as compared with three animals
in which blood flow increased to greater than 4Y2 times control
levels (Fig, 2, panel 3, 400 /-Lg dose of adenosine), Therefore,
five of eight (63%) of this group of animals failed to achieve an
adequate vasodilatory response for the identification of 50% ste-
noses. As demonstrated previously, a flow response of over three
times control levels IS required to identify these mild lesions. The
data In Table 3 demonstrate a similar variability in the response
of these animals, For example, 10 Group 1, shown in Table 3 after
the 400 ILg/mindose of adenosine, the mean increase in transmural
flow was 3,56 ± 1.56 standard deviations. Therefore, in several
of the animals flow was increased by a factor of only 2 and no
one would expect such a small increase in the flow to demonstrate
lmutations by a 50% stenosis. This individual variability in the
response to a given dose of vasodilator makes the mean responses
of the two different groups of animals so great that the actual
differences in regional blood flow that may have occurred within
a given heart would be completely obscured even if measured.
For example, in one animal in the group with a 50% stenosis flow
increased by six times, whereas in the animal in the other control
group, flow increased by only five times. The difference between
these two animals may be due to an inherent difference in coronary
vasodilatory response to adenosine rather than to any differences
due to the stenosis. In the animal in which flow increased six times
with a 50% stenosis flow may have actually increased in the normal
Situation with no stenosis to seven times, but the experimental
design cannot identify that fact Similarly, in another animal in
the 50% stenosis group flow increased by only two times over
control whereas in several animals in the group without stenosis
flow increased by only two times as well, Again, any differences
or lack of differences 10 the flow increase between the two groups
may be due to individual variation in the response of each animal
to the vasodilatory stimulus rather than due to the stenosis,
3) The more appropriate way to carry out this experiment would
be to have given a systemic coronary vasodilator such that the
circumflex bed would be the control for comparison with the ste-
notic left anterior descending bed, thereby elimmatmg the effect
of differing degrees of responsiveness to the vasodilator stimulus,
With a 50% stenosis, the differential 10 maximal flow between the
stenotic left anterior descending artery and the normal circumflex
artery would be expected to be only 15 to 20%. The variability
10 the response to a vasodilator stimulus 10 different animals ranges
up to 500% in these experiments, thereby making the mean dif-
ferences between groups so great that the small 20% difference in
